32 33 Proopiomelanocortin (POMC) neurons are major negative regulators of energy balance. A 34 distinct developmental property of POMC neurons is that they can adopt an orexigenic 35 neuropeptide Y (NPY) phenotype. However, the mechanisms underlying the differentiation of 36 Pomc progenitors remain unknown. Here, we show that the loss of the microRNA (miRNA)-37 processing enzyme Dicer in POMC neurons causes metabolic defects, an age-dependent 38 decline in the number of Pomc mRNA-expressing cells, and an increased proportion of Pomc 39 progenitors acquiring a NPY phenotype. miRNome microarray screening further identified 40 miR-103/107 as candidates that may be involved in the maturation of Pomc progenitors. In 41 vitro inhibition of miR-103/107 causes a reduction in the number of Pomc-expressing cells 42 and increases the proportion of Pomc progenitors differentiating into NPY neurons.
Introduction

57
The growing prevalence of obesity is a major health concern, particularly among 58 children. Recent evidence has shown that obesity and associated diseases, such as 6
Results
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Loss of Dicer in POMC neurons causes metabolic dysregulation 113
To examine whether miRNAs play a role in hypothalamic development, we first 114 measured Dicer mRNA expression, an essential enzyme for miRNA maturation 115 (Fineberg et al., 2009) , in the embryonic, postnatal and adult hypothalamus. The highest 116 levels of Dicer mRNA were found in hypothalamus of mice at embryonic day (E) 14 and 117 16, supporting a role for miRNAs in embryonic hypothalamic development ( Figure. 1a) .
118
Dicer mRNA levels decreased at postnatal day (P) 10 and the lowest levels of Dicer 119 mRNA were found in the hypothalamus of adult mice (Figure 1a) . We next assessed 120 Dicer mRNA expression specifically in POMC neurons and found that Dicer mRNA was 121 expressed in isolated POMC neurons as early as at E13-E15, i.e. when Pomc progenitor 122 cells differentiate to either POMC or NPY neurons (Figure 1b) . Notably, Dicer mRNA 123 was also highly expressed in NPY neurons at E15 (Figure 1b) .
124
To determine whether Dicer is required for the normal development of POMC 125 neurons in vivo, we crossed mice carrying a Dicer loxP allele (Harfe et al., 2005) (Figure 2a ). This marked reduction in the number of Pomc mRNA-165 expressing cells was accompanied by a decrease in Pomc mRNA content in the 166 hypothalamus of P21 and 15-week-old mice (Figure 2b) . In addition, a 3.7-fold reduction 167 in the number of β-endorphin-immunoreactive cells (a peptide produced from POMC) 168 was found in the ARH of Pomc-Cre; Dicer loxP/loxP mice (Supplementary Figure 2b) . In 
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This dramatic reduction in the number of POMC-containing cells and fibers in the 174 absence of Dicer could be caused by an increase in cell death as previously reported in 175 various neuronal systems, including the hypothalamus (Sundermeier et al., 2014 , Zehir 176 et al., 2010 , Damiani et al., 2008 , Schneeberger et al., 2013 . It is also possible that 177 some cells survive but that Pomc gene expression is blunted in Pomc-Cre; Dicer loxP/loxP 178 mice. To test this hypothesis, we used a cell lineage approach and crossed our Pomc-
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Cre mouse line with a ROSA-tdTomato reporter line to genetically and permanently label 180 Pomc progenitor cells, independently of Pomc mRNA content. Despite a marked 181 reduction in the number of Pomc mRNA-expressing cells at E15 ( Fig. 2a) , the number of 182 tdTomato + cells was identical between Pomc-Cre; Dicer loxP/loxP and Dicer loxP/loxP mice at 183 E15 (Figure 2c) . At P14 (Supplementary Figure 2d ) and weaning (P21, Figure 2c ), we 184 observed a 1.9-and 2.9-fold reduction, respectively, in the number of tdTomato + cells in 185 mutant mice. The number of tdTomato + cells found in the ARH was 4-fold reduced at 15 186 weeks of age (Figure 2c ) but this reduction was not as marked as the decrease in the 187 number of Pomc mRNA-expressing cells that we observed using in situ hybridization 9 (8.7-fold, Figure 2a ). Notably, no change in tdTomato + cell numbers was found in the 189 NTS, another brain site that contains POMC neurons ( Supplementary Figure 2e ).
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These observations support the idea that loss of Dicer in hypothalamic Pomc progenitor between Pomc mRNA and miR-107 expression (Figure 4i ). However, in embryos that 254 displayed a knockdown efficiency greater than 60%, we found that blocking miR-107 255 caused a 2.4-fold decrease in Pomc mRNA expression (Figure 4j ). In addition, there 256 was a negative correlation between Npy mRNA expression and miR-107 expression 257 (Figure 4k) . When embryos displayed a knockdown efficiency greater than 60%, there 258 was a 3.9-fold increase in Npy mRNA expression compared to control (Figure 4l ).
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We then established an in vitro model to study the role of miR-107 in Pomc 260 progenitor differentiation. The hypothalami of Pomc-Cre; tdTomato; Npy-hrGFP embryos 261 were dissected at E12 and prepared for incubation in a hanging drop setup (Kredo-
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Russo and Hornstein, 2011). These organotypic explants were then incubated with Ant-263 107 or scambled control antagomirs against miR-690 (Ant-Scr). After 72 hours, the 12 addition of the Ant-107 to the culture medium produced a 4.9-fold reduction in miR-107 265 expression (Figure 4m ). This reduction in miR-107 expression was accompanied with a 266 3.2-fold increase in the proportion of Pomc progenitors that differentiate into NPY 267 neurons (Figure 4n) . Interestingly, the silencing of miR-107 is also accompanied with a 268 1.2-fold reduction in the number of Pomc-expressing progenitors that express Pomc-269 eGFP (Figure 4o) . These observations support the hypothesis that a reduction in miR- Figure 3c) . Physiologically, the pre-and post-weaning growth curves 283 (body weights) of injected mice injected with LNA-107 prenatally were undistinguishable 284 from those of control mice (Figure 4p) . Similarly, body composition was similar between 285 LNA-107-injected and control mice (Figure 4q) . However, when exposed to a glucose , 2016 , Fineberg et al., 2009 , Vo et al., 2010 , Deiuliis, 2016 295 McGregor and Choi, 2011 , Schneeberger et al., 2013 , Jordan et al., 2011 , Kornfeld et 296 al., 2013 . However, whether miRNAs play a role in the development of CNS pathways 297 that control energy balance remains elusive. In the present study, we report that loss of 
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The exact molecular mechanisms underlying the effect of miR-103/107 on Pomc and 337 Npy mRNA levels remain to be studied as these miRNAs do not directly target POMC or 338 NPY 3'-UTRs. Transcription factors such as neurogenin 3 and Mash1 have been shown 339 to be involved in the neurogenesis and the specification of POMC and NPY neurons 340 (Pelling et al., 2011 , McNay et al., 2006 . However, predicting target gene analysis 341 revealed that these transcription factors are not direct targets for miR-103/107. 15 might influence hypothalamic development. It is also the first study that analyzes the 344 molecular mechanisms that underlie the timely differentiation of Pomc progenitors into a 345 POMC versus NPY phenotype.
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The role of miR-103/107 in metabolic regulation has mainly been studied in the 
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Quantitative analysis of fiber density was performed using Image J analysis 516 software (NIH) as described (Bouret et al., 2008 , Coupe et al., 2012 . Each image plane 517 was binarized to isolate labeled fibers from the background and to compensate for 518 differences in fluorescence intensity. The integrated intensity were then calculated for 519 each image as previously described. This procedure were conducted for each image 520 plane in the stack, and the values for all of the image planes in a stack were summed.
521
Three categories of labeled fibers were quantified: (1) 
526
Male and female mice (n = 7-9 per group) were weighed every 2 days from P4 to P21
527
(weaning) and weekly from 4 to 15 weeks using an analytical balance. To measure food 528 consumption, 13-week-old mice (n = 5-7 per group) were housed individually in cages,
529
and, after 1 day of acclimation, food intake was measured every 12 hrs for 3 days from 
